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SYNOPSIS
	Durum wheat (Triticum durum) is a tetraploid wheat and a separate species from other commercially grown wheat classes, which is mainly T. aestivum, a hexaploid wheat. Durum wheat has unique characteristics, which have made it the most suitable raw material for the production of pasta products such as spaghetti, macaroni, vermicelli etc. Durum wheat represents around 6-8% of the total wheat production in the world. India produces a considerable amount of durum wheat (~2.5 Mt), which is mostly consumed in the domestic market and for the preparation of several Indian traditional dishes. On the other hand, pasta products are becoming increasingly popular not only world wide but also in the Indian subcontinent because of their ready- to-eat convenient form, availability in various shapes and designs, nutritional quality, palatability, and long shelf life. Spaghetti that is the solid cylindrical form of pasta, is the most popular and common variety among the hundreds of shapes of pasta products and is the preferred pasta shape for laboratory evaluation of pasta, because its geometrical form gives the best indication of the intrinsic quality of durum wheat semolina. Although India has the potential to export durum wheat to the world market, demand for Indian durum wheat is also expanding in the domestic market. However, there is little information available regarding various characteristics of Indian durum wheat and their relation to semolina milling and pasta, especially spaghetti-making quality.
	In view of the above, the present research work was undertaken to study the following three main objectives:
1.	Physico-chemical characteristics,
2.	Semolina milling properties, and
3.	Spaghetti-making quality 
of Indian durum wheat varieties in the thesis entitled “Physico-chemical properties and spaghetti making quality of Indian durum wheat”.
	
The whole write up of the thesis is divided into six sections:
Section I includes “Introduction”, which provides general information about classification of wheat and position of durum wheat in this classification, statistics of world and Indian wheat production, consumption, and trade, and also durum wheat situation in the world and India, its production, uses, exports, and imports. This section ends with scope and objectives of the work, which covers the need for the study and major objectives of this investigation.

Section II covers the “Review of Literature” regarding durum wheat, its definition and importance for pasta making, quality aspects of durum wheat that are important in milling properties and semolina production such as test weight, 1000-kernel weight, vitreousness, protein, ash, and moisture contents. The process of semolina milling and quality aspects of semolina such as particle size, moisture content, ash content, color, and protein content are also reviewed. Classification of durum wheat products with focus on pasta products and their nutritional importance are also reviewed in this section. In addition, literature related to physico-chemical and rheological characteristics of durum wheat and semolina in relation to their pasta-making quality are reviewed.
Section III or “Materials and Methods” includes details about the durum wheat varieties procured, chemicals obtained, instruments used and various methodologies employed in the study. Spectrophotometric determinations, colorimetric, Farinograph and Micro visco-amylograph studies, electrophoresis and HPLC techniques, scanning electron microscopy, and texture analysis studies along with other physico-chemical analysis carried out are all described with relevant literature references.

Section IV deals with the “Results and Discussion” of investigation work and is divided into 4 chapters, each containing a brief introduction. Results of each chapter are supported by suitable statistical analysis. Chapter 1 is divided into 2 sub-chapters 1A and 1B. 

In Chapter 1A, 14 Indian durum wheat varieties procured from different Indian Agricultural Research Institutions and Universities, were analyzed for their proximate composition such as moisture, ash, protein, and yellow pigment content. In addition, activity of enzymes such as peroxidase (POD), polyphenol oxidase (PPO), lipoxygenase (LOX), and protease, which are important in ensuring quality of pasta, was determined. High molecular weight glutenin subunits (HMW-GS) of these varieties were identified by SDS-PAGE analysis. Results showed that the protein content of 14 Indian durum wheat varieties varied from 10.7% (WH 896) to 15.9% (MACS 1967), and their yellow pigment content ranged from 3.8 ppm (MACS 2694) to 7.2 ppm (DWR 2006). The optimum pH for POD, PPO, and LOX was found to be 5.0, 7.5, and 5.5, respectively. The POD activity in these varieties varied from 269 U/g (PDW 233) to 1010 U/g (NIDW 15), and PPO activity from 53.8 U/g (PDW 215) to 78.3 U/g (MACS 1967). The PPO activity in these durum varieties was significantly lower than those of two Indian aestivum varieties tested. The LOX activity ranged between 1.4 U/g (MACS 2846) and 6.9 U/g (MACS 1967). The protease activity was in the range of 1.1-5.1 U/g, which belonged to varieties MACS 2694 and MACS 1967, respectively. Amongst the 14 durum varieties analyzed,  four HMW-GS compositions including subunits 6+8, 7+8, 13+16, and 20 were identified in 3, 6, 3, and 2 varieties, respectively. Based on these initial studies, six Indian durum wheat varieties, namely, DWR 2006, MACS 1967, MACS 2694, PDW 215, PDW 274, and WH 896 were selected for further studies in Chapter 2.

In Chapter 1B, Buhler laboratory mill was standardized for semolina milling. Various roll gap spaces for break rolls B1 and B3, different tempering times and conditioning moisture levels were used to optimize the milling conditions for producing desired semolina. Results showed that gap spaces of 0.4 and 0.2 mm for break rolls B1 and B3, respectively, and tempering moisture of 17% for 18 h, were optimum conditions for producing a semolina with desired yield, particle size and ash content.

In Chapter 2, six Indian durum wheat varieties, namely, DWR 2006, MACS 1967, MACS 2694, PDW 215, PDW 274, and WH 896, which were selected based on initial studies in chapter 1A, were examined for their physical, chemical, biochemical, and semolina milling properties. Semolina samples were evaluated for their physico-chemical, Farinograph, Amylograph, and spaghetti-making properties. Results showed significant correlations between some of the physical properties of wheat kernels and semolina milling yield. Semolina samples from different varieties showed significant differences in their physical characteristics such as color, scanning electron micrographs, Farinograph, and starch pasting properties. Semolina samples also showed significant differences in their protein, yellow pigment, wet gluten, and acetic acid insoluble protein contents. Significant correlations were found between total protein, wet gluten, and particle size distribution of semolina samples, with their Farinograph mixing properties. In addition, relationships existed between physico-chemical characteristics of semolina and color, and scanning electron micrographs of dry spaghetti samples. Relationships were also observed between physico-chemical characteristics of semolina samples and cooking quality properties of spaghetti such as cooking loss, cooked weight, firmness, and stickiness. Subjective and objective evaluations showed that MACS 1967 and PDW 274 were excellent and poor durum varieties, respectively, with respect to spaghetti production. Results of SDS-PAGE showed that a 45 kDa protein was absent in poor durum variety PDW 274. A peak designated as GliPK 36-37 was also absent in poor variety PDW 274. SDS-PAGE of albumins, globulins, gliadins, and glutenins fractions of good and poor varieties showed that there was no difference between their albumins and globulins fractions, but significant differences were observed between gliadins and glutenins. 

In Chapter 3, effect of low temperature (LT) and high temperature (HT) drying processes on physico-chemical, microstructure, and cooking quality characteristics of spaghetti from three durum varieties, namely, DWR 2006, MACS 1967, and PDW 274, two good and one poor varieties, respectively, was investigated. Results showed significant improvement in yellow pigment retention and color characteristics of spaghetti processed by HT compared to LT-dried spaghetti. Scanning electron micrographs of spaghetti surface showed a smoother surface with a more continuous protein matrix due to HT drying process, indicative of significant improvement in microstructure of spaghetti. Starch pasting properties of mixed dough, extruded dough, and LT- and HT-dried spaghetti samples showed significant differences among three varieties and within each variety, during processing. HT drying process exhibited substantial effect on distribution and solubility of protein fractions compared to LT drying process. Cooking loss, firmness, and stickiness of HT-dried spaghetti samples from good and poor durum varieties significantly improved compared to corresponding LT-dried spaghetti. Effect of different cooking times (4-20 min) on cooking quality parameters, microstructure, and pasting properties indicated obvious differences between spaghetti from good and poor varieties, and also between spaghetti processed by HT and LT drying. Results were indicative of the effect of not only protein but also starch and starch-protein interactions on cooking quality of spaghetti. 

	In Chapter 4, effect of microbial transglutaminase (TG) and microbial lipase on semolina dough properties and spaghetti quality of good and poor durum varieties MACS 1967 and PDW 274, respectively, was investigated. Results clearly demonstrated the effects of TG on the solubility and also on the SDS-PAGE patterns of durum wheat proteins. Protein cross-linking reaction catalyzed by TG resulted in changes in pasting properties of semolina, dough properties, dry spaghetti quality, cooking quality properties, and microstructure of cooked spaghetti. The quality improvements were more evident in spaghetti from low protein-poor variety PDW 274. The results also showed the ability of TG in formation of heterologous polymers between soya proteins and durum wheat proteins to improve the quality of spaghetti samples. Microbial lipase also improved the breaking strength of dry spaghetti and firmness and stickiness of cooked spaghetti samples. 

	Section V covers “Summary and Conclusions” of the investigation, which includes the salient findings of the work followed by general conclusions.
	Section VI includes the collective bibliography (references) of citations quoted in all the chapters. 
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